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Objective. To estimate the impact of infection-related never events (postoperative pneumonia, Clostridium difficile infection,
infection with microorganisms resistant to penicillin, postoperative infections, and decubitus ulcers) following radical neck
dissections for head and neck cancers.
Study Design. The 2008 Nationwide Inpatient Sample was used to select hospitalizations with HNC that underwent radical
neck dissections. Predictor variables were occurrence of never events and other patient- and hospital-level factors. Outcome
variables were hospitalization charges and length of stay (LOS). Regression analyses were used to measure the association
between predictors and outcomes.
Results. Among 10,660 hospitalizations, prevalence of never events ranged from 0.2% to 5.0%. Mean hospitalization charge
and LOS were $75,654 and 6.8 days, respectively. Never events were associated with 5.6-10.0 longer LOS and $49,153-
$124,057 excess charges.
Conclusion. Occurrence of never events was associated with at least 5.6 longer hospital days and $49,153 charge compared
with hospitalizations without a never event. (Oral Surg Oral Med Oral Pathol Oral Radiol 2013;116:147-158)The Institute of Medicine in its landmark report
provided estimates of potentially preventable adverse
events and medical errors in hospitalized patients and
attributed close to 45,000 deaths annually in hospital
settings to these events.1 Several of these presumably
avoidable adverse events have been identiﬁed as “never
events,” and the Center for Medicare Services (CMS)
will no longer reimburse hospitals for the cost of
managing these events.2 Hence it would be important to
determine the costs associated with the occurrence of
these never events to anticipate their ﬁnancial impact.
While several of these never events (including wrong
site surgery, accidentally leaving foreign bodies duringThis work is a follow-up study to Allareddy V, Karimbux NY,
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Open access under CC BY-NC-ND license.surgery, and postoperative falls and hip fractures) can
be correctly attributed to the deﬁciencies in process of
care delivery at hospitals, there are several other
designated never events (such as postoperative pneu-
monia, Clostridium difﬁcile infection, infection with
microorganisms resistant to penicillin, postoperative
infections, and decubitus ulcers) which could occur due
to the immunocompromised nature of the patient or any
other patient level attribute rather than an obvious
deﬁciency in the care process at the hospital.1,3,4,5
As previously reported, radical neck dissections were
conducted in 10,660 hospitalizations with head and
neck cancers (HNC) in the year 2008.6 Mean age of
each hospitalization was 61.6 years (standard error
of mean [SEM] ¼ 0.3). Males constituted close to 69%
of all hospitalizations. A majority (89.5%) of the radical
neck dissection procedures were done on an elective
basis. Private insurance plans were the major payer
accounting for 45.2% of all hospitalizations followed
by Medicare plans (40.2%). Whites comprised most
(82.7%) of hospitalizations, whereas Blacks (5.7%),Statement of Clinical Relevance
Never events in hospitalizations undergoing radical
neck dissection for head and neck cancer were
associated with prolonged length of stay and excess
charges. Never events may be preventable by
improving processes of care and reduce burden of
delivering health care.
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148 Lee et al. August 2013Hispanics (6.2%), Asian/Paciﬁc Islanders (2.7%), and
others (2.3%) accounted for the rest. Unilateral radical
neck dissection was conducted in 81% of hospitaliza-
tions while bilateral radical neck dissection was con-
ducted in 15.6% of hospitalizations and the type of
radical neck dissection was unspeciﬁed in 3.4% of
hospitalizations. Metastatic cancer was found in 38%
of hospitalizations. Teaching hospitals performed
78.3% of all procedures. The prevalence estimates of
the 5 never events examined were 5.0% for post-
operative pneumonia, 0.3% for C. difﬁcile infection,
0.2% for infection with microorganisms resistant to
penicillin, 1.6% for postoperative infections, and 1.4%
for decubitus ulcers.6
The objective of the current study is to quantify the
effect of occurrence of 5 never events (including post-
operative pneumonia, C. difﬁcile infection, infection
with microorganisms resistant to penicillin, post-
operative infections, and decubitus ulcers) on 2 out-
comes of interest (length of stay [LOS] in hospital and
hospitalization charges). We hypothesize that each of
these 5 never events is associated with a prolonged LOS
in hospital and excess hospitalization charges. The
speciﬁc aims of this project were to: 1) estimate LOS
and hospital charges for subjects admitted for radical
neck dissections 2) estimate prevalence (frequencies) of
the 5 never events, 3) develop a multivariable regres-
sion model to identify factors associated with excess
LOS and hospitalization charges, and 4) compare LOS
and hospital charges for subjects who experienced 1 or
more of the 5 never events to those who had no never
events.MATERIALS AND METHODS
Study design
This study is a cross-sectional analysis of a sample
derived from the Nationwide Inpatient Sample (NIS)
for the year 2008. The NIS database is sponsored by the
Agency for Healthcare Research and Quality (AHRQ)
and is a component dataset of the Healthcare Cost and
Utilization Project.6,7 The NIS database for the year
2008 provides hospitalization data on close to 38
million weighted hospitalization visits in the United
States. The NIS is nationally representative of all
hospitalizations occurring in the United States. For the
current study, all hospitalizations with a diagnosis of
HNC that underwent radical neck dissections (bilateral,
unilateral, and unspeciﬁed radical neck dissection
procedures) were selected for analysis.Data user agreement with AHRQ
The current study is a retrospective analysis of the
largest publically available hospital-based database in
the United States. One of the authors (V.A.) completeda data user agreement with AHRQ prior to conducting
the study. As part of the data user agreement, any
individual cell counts less than or equal to a sample size
of 10 cannot be presented so as to preserve patient
conﬁdentiality. As per this agreement, such small esti-
mates are not presented.Study variables
Predictor. The primary independent variables of
interest were the occurrence of each of the 5 never
events: postoperative pneumonia, C. difﬁcile infection,
infection with microorganisms resistant to penicillin,
postoperative infections, and decubitus ulcers.
Outcomes. The main outcome variables of interest in
the current study include hospitalization charges (in
year 2008 in dollars [$]) and duration of stay in hospital
(in days).
Other variables. The other variables of interest
included socio-demographic characteristics (age, gender,
race/ethnicity), type of admission (elective or emer-
gency/urgent), insurance status (Medicare, Medicaid,
private insurance, uninsured, and other insurance plans),
type of radical neck dissection (unilateral, bilateral, and
unspeciﬁed), and the presence of comorbid conditions
based on the NIS disease severity measurement ﬁles for
risk adjustment. Hospital-related factors (geographic
region and hospital teaching status) were also examined.Data analyses
The associations between the outcome variables and
independent variables were examined by bivariate and
multivariable linear regression analyses. Two separate
multivariable models were used for the 2 outcomes,
hospital charges and LOS. Since the hospital charge and
LOS were highly skewed and not normally distributed,
they were log transformed. The log transformed hospital
charges and LOS data were used as outcome variables in
the 2 multivariable linear regression models. In order to
obtain charges in dollars and LOS in days, the estimates
obtained from the regression models were expo-
nentiated, and change in hospital charges and LOS from
the mean values were computed. In both the regression
models, the confounding effects of patient and hospital
level factors were simultaneously controlled. Each
hospitalization was the unit of analysis. The NIS hospital
stratum was used as the stratiﬁcation unit. Since each
hospital could be treating several cases, there is a possi-
bility of introducing biases attributed to the effects of
clustering of outcomes within hospitals. In the current
study, the effects of clustering of outcomes within
hospitals were adjusted in both the regression models.
All statistical tests were 2-sided and a P value of <.05
was set a priori to be deemed statistically signiﬁcant. All
statistical analyses were performed using SAS version
Table I. Factors associated with length of stay in hospital (bivariate linear regression analysis)*
Characteristic Estimate (95% CI) Change in days P value
Never event
Postoperative pneumonia 1.383 (1.263 to 1.503) 20.3 <.0001
C. difﬁcile infection 1.495 (0.875 to 2.115) 23.5 <.0001
Infection with
microorganisms resistant
to penicillin
1.350 (0.965 to 1.735) 19.4 <.0001
Postoperative infections 1.381 (1.213 to 1.549) 20.3 <.0001
Decubitus ulcers 1.180 (0.913 to 1.448) 15.3 <.0001
Age e 1 year increase 0.004 (0.001 to 0.008) 0.03 .013
Gender
Female 0.059 (0.021 to 0.138) 0.4 .15
Male Reference
Type of admission
Elective 0.123 (0.287 to 0.041) 0.8 .14
Emergency/urgent Reference
Insurance
Medicare 0.168 (0.079 to 0.257) 1.2 .0003
Medicaid 0.394 (0.215 to 0.574) 3.3 <.0001
Uninsured 0.073 (0.187 to 0.332) 0.5 .58
Other insurance 0.406 (0.140 to 0.672) 3.4 .003
Private insurance Reference
Race
Black 0.350 (0.183 to 0.518) 2.9 .0001
Hispanic 0.243 (0.067 to 0.419) 1.9 .007
Asian/Paciﬁc Islander 0.072 (0.194 to 0.337) 0.5 .60
Native American 0.077 (0.868 to 0.714) 0.5 .85
Other races 0.333 (0.047 to 0.620) 2.7 .02
Missing information 0.055 (0.219 to 0.110) 0.4 .51
White Reference
Type of radical neck dissection
Bilateral 0.609 (0.501 to 0.718) 5.7 <.0001
Unspeciﬁed 0.160 (0.102 to 0.422) 1.2 .23
Unilateral Reference
Comorbid conditions
AIDS 0.239 (0.846 to 1.323) 1.8 .66
Alcohol abuse 0.667 (0.513 to 0.821) 6.4 <.0001
Deﬁciency anemias 0.716 (0.569 to 0.864) 7.1 <.0001
Rheumatoid arthritis/
collagen vascular
diseases
0.099 (0.341 to 0.142) 0.6 .42
Chronic blood loss anemia 1.008 (0.550 to 1.467) 11.8 <.0001
Congestive heart failure 0.340 (0.051 to 0.625) 2.8 .02
Chronic pulmonary disease 0.292 (0.170 to 0.413) 2.3 <.0001
Coagulopathy 0.952 (0.652 to 1.252) 10.8 <.0001
Depression 0.175 (0.018 to 0.367) 1.3 .07
Diabetes, uncomplicated 0.086 (0.052 to 0.224) 0.6 .22
Diabetes with chronic
complications
0.371 (0.013 to 0.755) 3.1 .06
Drug abuse 0.570 (0.240 to 0.900) 5.2 .0008
Hypertension 0.144 (0.041 to 0.246) 1.1 .006
Hypothyroidism 0.091 (0.069 to 0.251) 0.6 .26
Liver disease 0.433 (0.149 to 0.717) 3.7 .003
Lymphoma 0.035 (0.651 to 0.581) 0.2 .91
Fluid and electrolyte
disorders
0.954 (0.835 to 1.072) 10.8 <.0001
Metastatic cancer 0.182 (0.097 to 0.266) 1.4 <.0001
Neurological disorders 0.400 (0.146 to 0.653) 3.3 .002
Obesity 0.088 (0.151 to 0.327) 0.6 .47
Paralysis 0.944 (0.310 to 1.578) 10.7 .004
Peripheral vascular
disorders
0.272 (0.006 to 0.551) 2.1 .06
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Table I. Continued
Characteristic Estimate (95% CI) Change in days P value
Psychoses 0.371 (0.042 to 0.783) 3.1 .08
Pulmonary circulation
disorders
1.008 (0.662 to 1.354) 11.8 <.0001
Renal failure 0.413 (0.203 to 0.623) 3.5 .0001
Solid tumor without
metastasis
0.034 (0.096 to 0.163) 0.2 .61
Valvular disease 0.234 (0.038 to 0.429) 1.8 .02
Weight loss 0.977 (0.787 to 1.167) 11.3 <.0001
Hospital region
Northeast 0.220 (0.468 to 0.028) 1.3 .08
Midwest 0.263 (0.512 to 0.015) 1.6 .04
South 0.179 (0.412 to 0.054) 1.1 .13
West Reference
Hospital teaching status
Teaching 0.469 (0.316 to 0.621) 4.1 <.0001
Nonteaching Reference
Mean length of stay per hospitalization is 6.8 days.
AIDS, acquired immune deﬁciency syndrome; CI, conﬁdence interval.
*The outcome variable is log-transformed length of stay.
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SUDAAN version 10.0.1 (Research Triangle Institute,
Research Triangle Park, NC, USA), softwares.8
RESULTS
The results of bivariate linear regression analysis
examining the independent association between each of
the independent variables (both patient- and hospital-
level characteristics) and LOS (outcome) are summa-
rized in Table I. The mean LOS in hospital was 6.8 days
(SEM¼ 0.3). The total hospitalization days in the entire
United States was 72,019 days. Substantial increase in
the LOSwas observed in the hospitalizations where the 5
never events occurred, ranging from 15.3 days (decubi-
tus ulcers) to 23.5 days (C. difﬁcile) longer than the mean
LOS (P< .0001). Smaller but signiﬁcantly longer LOSs
occurred in hospitalizations covered by Medicare (1.2
more days, P ¼ .0003), Medicaid (3.3 more days,
P < .0001), and other insurance (3.4 more days,
P ¼ .003) compared with those paid by private insur-
ance. Blacks (2.9 excess days, P¼ .0001) and Hispanics
(1.9 more days, P ¼ .007) had longer LOS compared
with Whites. Bilateral radical neck dissection had 5.7
longer days (P < .0001) compared with unilateral neck
dissection. The presence of the following comorbid
conditions also led to signiﬁcantly longer LOSs
compared with those without the respective comorbid
conditions: alcohol abuse (6.4 more days, P < .0001),
deﬁciency anemias (7.1 more days, P < .0001), chronic
blood loss anemia (11.8 more days, P < .0001),
congestive heart failure (2.8more days,P¼ .02), chronic
pulmonary disease (2.3 more days, P < .0001), coagul-
opathy (10.8 more days, P < .0001), drug abuse (5.2
more days, P ¼ .0008), hypertension (1.1 more days,
P ¼ .006), liver disease (3.7 more days, P ¼ .003), ﬂuidand electrolyte disorders (10.8 more days, P < .0001),
metastatic cancer (1.4 more days, P < .0001), neuro-
logical disorders (3.3 more days, P ¼ .002), paralysis
(10.7 more days, P ¼ .004), pulmonary circulation
disorders (11.8 more days, P< .0001), renal failure (3.5
more days, P ¼ .0001), valvular disease (1.8 more days,
P ¼ .02), and weight loss (11.3 more days, P < .0001).
Hospitalizations in the midwest region had 1.6 fewer
days (P ¼ .04) compared with those in the West region.
Teaching hospitals were associated with 4.1 more days
(P < .0001) compared with nonteaching hospitals.
The results of bivariate linear regression analysis
examining the independent association between each of
the independent variables (both patient- and hospital-
level characteristics) and hospital charges (outcome) are
summarized in Table II. Themean hospitalization charge
per each hospitalization was $75,654 (SEM ¼ 8386).
The total hospitalization charges in the entire United
States were $786.6 million. The occurrence of each of
the 5 never events were associated with signiﬁcantly
more charge from the mean, the lowest with decubitus
ulcers ($145,171 more charge, P< .0001) to the highest
with infection with microorganisms resistant to peni-
cillin ($244,906 more charge, P ¼ .001). Hospitaliza-
tions covered by Medicaid were charged $22,847 in
more compared with those paid by private insurances
(P ¼ .005). Bilateral radical neck dissections were
charged $56,381 more compared with unilateral radical
neck dissections. The presence of some comorbid
conditions had higher hospital charges compared with
those who did not have the respective comorbid con-
ditions: alcohol abuse ($54,182, P< .0001), deﬁciency
anemias ($55,565, P < .0001), chronic blood loss
anemia ($91,609, P ¼ .0006), congestive heart fail-
ure ($17,604, P ¼ .003), coagulopathy ($121,872,
Table II. Factors associated with hospital charges (bivariate linear regression analysis)*
Characteristic Estimate (95% CI) Change in charge from mean P value
Never event
Postoperative pneumonia 1.382 (1.204 to 1.561) $225,726 <.0001
C. difﬁcile infection 1.179 (0.733 to 1.625) $170,306 <.0001
Infection with
microorganisms resistant
to penicillin
1.444 (0.578 to 2.310) $244,906 .001
Postoperative infections 1.234 (0.909 to 1.558) $184,135 <.0001
Decubitus ulcers 1.071 (0.728 to 1.415) $145,171 <.0001
Age e 1 year increase 0.002 (0.002 to 0.005) $114 .36
Gender
Female 0.006 (0.087 to 0.076) $415 .90
Male Reference
Type of admission
Elective 0.026 (0.208 to 0.156) $1934 .78
Emergency/urgent Reference
Insurance
Medicare 0.069 (0.010 to 0.148) $5429 .09
Medicaid 0.264 (0.079 to 0.449) $22,847 .005
Uninsured 0.170 (0.465 to 0.125) $11,815 .26
Other Insurance 0.370 (0.074 to 0.814) $33,884 .10
Private insurance Reference
Race
Black 0.147 (0.089 to 0.383) $11,971 .22
Hispanic 0.242 (0.009 to 0.495) $20,704 .06
Asian/Paciﬁc Islander 0.280 (0.109 to 0.668) $24,396 .16
Native American 0.066 (0.734 to 0.602) $4853 .85
Other Races 0.329 (0.109 to 0.766) $29,421 .14
Missing Information 0.127 (0.340 to 0.087) $8990 .25
White Reference
Type of radical neck dissection
Bilateral 0.557 (0.398 to 0.716) $56,381 <.0001
Unspeciﬁed 0.104 (0.124 to 0.332) $8292 .37
Unilateral Reference
Comorbid conditions
AIDS 0.338 (0.312 to 0.987) $30,381 .31
Alcohol abuse 0.540 (0.355 to 0.725) $54,182 <.0001
Deﬁciency anemias 0.551 (0.377 to 0.725) $55,565 <.0001
Rheumatoid arthritis/
collagen vascular
diseases
0.164 (0.112 to 0.441) $13,518 .24
Chronic blood loss anemia 0.793 (0.345 to 1.242) $91,609 .0006
Congestive heart failure 0.340 (0.057 to 0.622) $30,604 .02
Chronic pulmonary disease 0.209 (0.073 to 0.346) $17,604 .003
Coagulopathy 0.960 (0.552 to 1.368) $121,872 <.0001
Depression 0.225 (0.036 to 0.414) $19,080 .02
Diabetes, uncomplicated 0.063 (0.060 to 0.186) $4911 .31
Diabetes with chronic
complications
0.167 (0.186 to 0.520) $13,733 .35
Drug abuse 0.334 (0.207 to 0.876) $30,021 .23
Hypertension 0.060 (0.056 to 0.177) $4710 .31
Hypothyroidism 0.083 (0.053 to 0.219) $6564 .23
Liver disease 0.622 (0.232 to 1.011) $65,192 .002
Lymphoma 0.065 (0.373 to 0.502) $5073 .77
Fluid and electrolyte
disorders
0.732 (0.593 to 0.870) $81,601 <.0001
Metastatic cancer 0.171 (0.074 to 0.267) $14,073 .0006
Neurological disorders 0.255 (0.003 to 0.508) $22,004 .048
Obesity 0.044 (0.228 to 0.316) $3387 .75
Paralysis 0.912 (0.345 to 1.479) $112,671 .002
Peripheral vascular
disorders
0.095 (0.200 to 0.391) $7565 .53
(continued on next page)
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Table II. Continued
Characteristic Estimate (95% CI) Change in charge from mean P value
Psychoses 0.257 (0.150 to 0.663) $22,150 .21
Pulmonary circulation
disorders
1.111 (0.740 to 1.482) $154,206 <.0001
Renal failure 0.387 (0.189 to 0.584) $35,717 .0001
Solid tumor without
metastasis
0.003 (0.119 to 0.114) $189 .97
Valvular disease 0.207 (0.018 to 0.395) $17,371 .03
Weight loss 0.804 (0.589 to 1.018) $93,324 <.0001
Hospital region
Northeast 0.390 (0.982 to 0.203) $24,411 .20
Midwest 0.585 (0.989 to 0.180) $33,490 .005
South 0.543 (0.943 to 0.143) $31,694 .008
West Reference
Hospital teaching status
Teaching 0.495 (0.259 to 0.730) $48,407 <.0001
Nonteaching Reference
Mean charge per hospitalization is $75,654 (SEM ¼ $8386).
AIDS, acquired immune deﬁciency syndrome; CI, conﬁdence interval.
*The outcome variable is log transformed hospital charges.
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($65,192, P ¼ .002), ﬂuid and electrolyte disorders
($81,601, P < .0001), metastatic cancer ($14,073,
P ¼ .0006), neurological disorders ($22,004, P ¼ .047),
paralysis ($112,671, P ¼ .002), pulmonary circulation
disorders ($154,206, P < .0001), renal failure ($35,717,
P ¼ .0001), valvular disease ($17,3731, P ¼ .03), and
weight loss ($93,324, P < .0001). Compared with the
hospitals in the West region, those in the midwest and
south regions were associated with $33,490 (P ¼ .005)
and $31,694 (P ¼ .008) less charges, respectively.
Teaching hospitals incurred $48,407 more charges
(P < .0001) compared with nonteaching hospitals.
The results of the multivariable linear regression
analysis examining the simultaneous effects of the
patient- and hospital-level factors on hospital LOS are
summarized in Table III. Four out of the 5 never events
were associated with a statistically signiﬁcant longer
duration of stay in hospital after controlling for all other
patient and hospital level confounding factors. Hospi-
talizations with postoperative pneumonia had a 9.1 days
more duration than the mean LOS (P < .0001), while
those with C. difﬁcile infection had 7.0 more days than
the mean (P ¼ .03), those with postoperative infections
had 10.0 more days than the mean (P < .0001), and
those with decubitus ulcers had 5.6 more days than the
mean (P ¼ .0001). Hospitalizations covered by
Medicaid (1.2 days more, P ¼ .01) and other insurance
plans (1.9 days more, P ¼ .03) were also associated
with more LOS compared with those covered by private
insurance plans. Black (1.7 days more, P ¼ .002) and
Hispanic patients (1.4 days more, P ¼ .03) were asso-
ciated with more LOS compared with Whites. Bilateral
radical neck dissection was associated with 3.3 days
more LOS compared with unilateral radical neckdissection (P < .0001). Co-morbid conditions including
alcohol abuse (1.8 days more, P < .0001), deﬁciency
anemias (3.3 days more, P < .0001), chronic pulmo-
nary disease (0.8 days more, P ¼ .01), ﬂuid and elec-
trolyte disorders (4.2 days more, P < .0001), metastatic
cancer (1.0 day more, P < .0001), neurological disor-
ders (1.4 days more, P ¼ .02), paralysis (5.7 days more,
P ¼ .03), pulmonary circulation disorders (3.6 days
more, P ¼ .03), and weight loss (4.4 days more,
P < .0001) were associated with more LOSs compared
with those without the respective comorbid conditions.
Procedures conducted in hospitals located in the
northeast (1.5 days less, P ¼ .04), midwest (1.4 days
less, P ¼ .02), and southern (1.3 days less, P ¼ .04)
geographic regions were associated with shorter LOSs
in hospitals compared with those in the western regions.
The results of the multivariable linear regression
analysis examining the association between patient- and
hospital-level confounding factors and hospital charges
are summarized in Table IV. Four of the 5 never events
examined where associated with more hospitalization
charges than the mean. Hospitalizations that had post-
operative pneumonia were associated with $124,057
more charges (P < .0001), infection with microorgan-
isms resistant to penicillin had $98,854 more charges
(P ¼ .02), postoperative infections had $77,826 more
charges (P < .0001), and decubitus ulcers had $49,153
more charges (P ¼ .0003). Females were associated
with $6,836 lesser hospitalization charges compared
with males (P ¼ .002). Hospitalizations covered by
other insurance plans were associated with $18,985
more charges compared with those covered by private
insurance plans (P ¼ .03). Bilateral radical neck
dissections were associated with $38,240 more hospi-
talizations charges compared with unilateral radical
Table III. Factors associated with length of stay in hospital (multivariable linear regression analysis)*
Characteristic Estimate (95% CI) Change in days from mean P value
Never event
Postoperative pneumonia 0.852 (0.715 to 0.989) 9.1 <.0001
C. difﬁcile infection 0.708 (0.058 to 1.357) 7.0 .03
Infection with
microorganisms resistant
to penicillin
0.741 (0.106 to 1.587) 7.5 .09
Postoperative infections 0.904 (0.717 to 1.091) 10.0 <.0001
Decubitus ulcers 0.604 (0.307 to 0.900) 5.6 .0001
Age e 1 year increase 0.0020 (0.0017 to 0.0057) 0.01 .29
Gender
Female 0.019 (0.077 to 0.040) 0.1 .53
Male Reference
Type of admission
Elective 0.054 (0.172 to 0.063) 0.4 .35
Emergency/urgent Reference
Insurance
Medicare 0.048 (0.037 to 0.132) 0.3 .27
Medicaid 0.163 (0.034 to 0.293) 1.2 .01
Other insurance 0.242 (0.025 to 0.460) 1.9 .03
Uninsured 0.109 (0.096 to 0.313) 0.8 .29
Private insurance Reference
Race
Black 0.227 (0.082 to 0.372) 1.7 .002
Hispanic 0.190 (0.016 to 0.365) 1.4 .03
Asian/Paciﬁc Islander 0.002 (0.186 to 0.182) 0.01 .98
Native American 0.200 (0.634 to 0.234) 1.2 .36
Other races 0.169 (0.112 to 0.450) 1.2 .24
Missing information 0.061 (0.058 to 0.181) 0.4 .31
White Reference
Type of radical neck dissection
Bilateral 0.392 (0.315 to 0.469) 3.3 <.0001
Unspeciﬁed 0.106 (0.093 to 0.305) 0.8 .30
Unilateral Reference
Comorbid conditions
AIDS 0.303 (0.565 to 1.170) 2.4 .49
Alcohol abuse 0.238 (0.130 to 0.345) 1.8 <.0001
Deﬁciency anemias 0.398 (0.284 to 0.512) 3.3 <.0001
Rheumatoid arthritis/
collagen vascular
diseases
0.019 (0.213 to 0.252) 0.1 .87
Chronic blood loss anemia 0.291 (0.021 to 0.602) 2.3 .07
Congestive heart failure 0.019 (0.187 to 0.226) 0.1 .86
Chronic pulmonary disease 0.115 (0.024 to 0.206) 0.8 .01
Coagulopathy 0.157 (0.108 to 0.421) 1.1 .24
Depression 0.054 (0.190 to 0.082) 0.4 .43
Diabetes, uncomplicated 0.061 (0.055 to 0.177) 0.4 .30
Diabetes with chronic
complications
0.129 (0.131 to 0.388) 0.9 .33
Drug abuse 0.011 (0.271 to 0.249) 0.1 .93
Hypertension 0.028 (0.041 to 0.098) 0.2 .42
Hypothyroidism 0.009 (0.103 to 0.121) 0.1 .88
Liver disease 0.158 (0.051 to 0.367) 1.2 .14
Lymphoma 0.392 (0.838 to 0.054) 2.2 .08
Fluid and electrolyte
disorders
0.482 (0.362 to 0.603) 4.2 <.0001
Metastatic cancer 0.143 (0.084 to 0.202) 1.0 <.0001
Neurological disorders 0.187 (0.024 to 0.349) 1.4 .02
Obesity 0.007 (0.199 to 0.213) 0.1 .95
Paralysis 0.608 (0.057 to 1.158) 5.7 .03
Peripheral vascular
disorders
0.116 (0.110 to 0.342) 0.8 .31
(continued on next page)
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Table III. Continued
Characteristic Estimate (95% CI) Change in days from mean P value
Psychoses 0.151 (0.113 to 0.414) 1.1 .26
Pulmonary circulation
disorders
0.426 (0.239 to 0.614) 3.6 <.0001
Renal failure 0.041 (0.131 to 0.214) 0.3 .64
Solid tumor without
metastasis
0.061 (0.064 to 0.186) 0.4 .33
Valvular disease 0.055 (0.107 to 0.217) 0.4 .51
Weight loss 0.499 (0.363 to 0.634) 4.4 <.0001
Hospital region
Northeast 0.242 (0.469 to 0.015) 1.5 .04
Midwest 0.240 (0.449 to 0.032) 1.4 .02
South 0.219 (0.431 to 0.007) 1.3 .04
West Reference
Hospital teaching status
Teaching 0.373 (0.247 to 0.500) 3.1 <.0001
Nonteaching Reference
Mean length of stay per hospitalization is 6.8 days.
AIDS, acquired immune deﬁciency syndrome; CI, conﬁdence interval.
*The outcome variable is log-transformed length of stay.
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including alcohol abuse ($12,932 more, P ¼ .003),
deﬁciency anemias ($28,583 more, P < .0001), rheu-
matoid arthritis/collage vascular diseases ($20,502
more, P ¼ .02), liver disease ($21,371 more, P ¼ .02),
ﬂuid and electrolyte disorders ($31,543 more,
P < .0001), metastatic cancer ($8,797 more, P ¼ .004),
paralysis ($59,453 more, P ¼ .049), pulmonary circu-
lation disorders ($55,251 more, P < .0001), and weight
loss ($42,321 more, P < .0001) were associated with
more hospitalization charges compared with those
without the respective comorbid conditions. Hospitali-
zations occurring in the midwest ($32,660 less,
P ¼ .0009) and southern ($32,883 less, P ¼ .0006)
geographic regions were associated with lesser hospi-
talization charges than those occurring in the western
regions of the United States. Teaching hospitals were
associated with $35,162 more charges than the non-
teaching hospitals (P < .0001).
DISCUSSION
The current study examines the impact of occurrence of
CMS-deﬁned never events on hospitalization charges
and LOS in patients undergoing radical neck dissec-
tions for HNC. We hypothesized that the occurrence of
a never event would be associated with increased LOS
in hospital and hospitalization charges. We conﬁrmed
our hypotheses as evidenced by the fact that the
occurrence of a never event was associated with a pro-
longed LOS (ranging from 5.6 days for decubitus ulcers
to 10.0 days for postoperative infections) and more
hospitalization charges (ranging from $49,153 for
decubitus ulcers to $124,057 postoperative pneumonia)
after the adjustment of potential patient- and hospital-
level confounding factors.Among the different never events, postoperative
pneumonia was associated with the highest increase
from mean hospitalization charges. Patients that had
postoperative pneumonia were associated with
$124,057 more charges over the mean. Postoperative
pneumonia was also associated with 9.1 days longer
LOS in hospital over the mean stay. Among the
different never events, postoperative pneumonia
occurred most frequently (present in 5% of all hospi-
talizations). As clearly shown in this study, post-
operative pneumonia has a signiﬁcant impact on the
utilization of health care resources. Minimizing the
occurrence of this event could save several millions of
dollars annually in the United States.
The current study ﬁndings are consistent with those
from previous studies examining outcomes (including
costs and LOS in hospital) associated with nosocomial
infections in hospitalized patients seeking care for
a wide range ofmedical ailments and surgical procedures
across several countries.9,10,11,12,13,14 Among155,266
patients undergoing major noncardiac surgery exam-
ined, 1.5% developed postoperative pneumonia with
a 30-day postoperative mortality rate of 21%.15 Lola
et al. also found pneumonia to be the third highest
complication, occurring in 2.3% of patients who under-
went cardiac surgery, followed by the 2 surgery-related
complications: superﬁcial wound infection at the
surgical site and central venous catheter infection.16
Lagoe et al. reported that patients hospitalized for
urinary tract infections that developed pneumonia
stayed 13.0-16.3 days (232%-281%) longer on average
than those who did not, producing 2626-3456 addi-
tional patient days.17 The additional utilization for the
complications was substantial: $2-3 million for
a 3-month period. The ﬁndings from the current and
Table IV. Factors associated with hospital charges (multivariable linear regression analysis)*
Characteristic Estimate* (95% CI) Change in $ from mean P value
Never event
Postoperative pneumonia 0.971 (0.811 to 1.130) $124,057 <.0001
C. difﬁcile infection 0.372 (0.234 to 0.979) $34,136 .23
Infection with
microorganisms resistant
to penicillin
0.836 (0.105 to 1.567) $98,854 .02
Postoperative infections 0.707 (0.491 to 0.924) $77,826 <.0001
Decubitus ulcers 0.501 (0.172 to 0.829) $49,153 .003
Age e 1 year increase 0.0004 (0.0035 to 0.0042) $30 .84
Gender
Female 0.095 (0.153 to 0.036) $6836 .002
Male Reference
Type of admission
Elective 0.013 (0.146 to 0.120) $955 .85
Emergency/urgent Reference
Insurance
Medicare 0.003 (0.074 to 0.069) $211 .94
Medicaid 0.089 (0.042 to 0.220) $7017 .18
Other insurance 0.224 (0.019 to 0.424) $18,985 .03
Uninsured 0.035 (0.230 to 0.161) $2565 .73
Private insurance Reference
Race
Black 0.116 (0.071 to 0.303) $9280 .22
Hispanic 0.191 (0.057 to 0.438) $15,895 .13
Asian/Paciﬁc Islander 0.106 (0.126 to 0.338) $8460 .37
Native American 0.140 (0.532 to 0.252) $9910 .48
Other races 0.128 (0.275 to 0.530) $10,288 .53
Missing information 0.056 (0.105 to 0.216) $4325 .50
White Reference
Type of radical neck dissection
Bilateral 0.409 (0.269 to 0.549) $38,240 <.0001
Unspeciﬁed 0.078 (0.106 to 0.261) $6113 .40
Unilateral Reference
Comorbid conditions
AIDS 0.194 (0.291 to 0.679) $16,188 .43
Alcohol abuse 0.158 (0.054 to 0.262) $12,932 .003
Deﬁciency anemias 0.321 (0.188 to 0.453) $28,583 <.0001
Rheumatoid arthritis/
collagen vascular
diseases
0.240 (0.031 to 0.448) $20,502 .02
Chronic blood loss anemia 0.222 (0.159 to 0.602) $18,758 .25
Congestive heart failure 0.096 (0.117 to 0.309) $7614 .37
Chronic pulmonary disease 0.090 (0.010 to 0.190) $7141 .08
Coagulopathy 0.200 (0.093 to 0.494) $16,787 .18
Depression 0.075 (0.051 to 0.201) $5860 .24
Diabetes, uncomplicated 0.057 (0.051 to 0.164) $4405 .30
Diabetes with chronic
complications
0.042 (0.269 to 0.352) $3229 .79
Drug abuse 0.272 (0.602 to 0.059) $17,994 .11
Hypertension 0.003 (0.100 to 0.094) $234 .95
Hypothyroidism 0.033 (0.075 to 0.141) $2546 .54
Liver disease 0.249 (0.037 to 0.460) $21,371 .02
Lymphoma 0.087 (0.429 to 0.255) $6304 .62
Fluid and electrolyte
disorders
0.349 (0.223 to 0.474) $31,543 <.0001
Metastatic cancer 0.110 (0.035 to 0.185) $8797 .004
Neurological disorders 0.103 (0.076 to 0.281) $8191 .26
Obesity 0.038 (0.277 to 0.201) $2799 .76
Paralysis 0.580 (0.0006 to 1.159) $59,453 .049
Peripheral vascular
disorders
0.016 (0.234 to 0.265) $1212 .90
(continued on next page)
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Table IV. Continued
Characteristic Estimate* (95% CI) Change in $ from mean P value
Psychoses 0.107 (0.142 to 0.356) $8561 .40
Pulmonary circulation
disorders
0.548 (0.335 to 0.762) $55,251 <.0001
Renal failure 0.112 (0.079 to 0.303) $8949 .25
Solid tumor without
metastasis
0.027 (0.086 to 0.139) $2055 .64
Valvular disease 0.068 (0.098 to 0.234) $5307 .42
Weight loss 0.444 (0.297 to 0.591) $42,321 <.0001
Hospital region
Northeast 0.433 (0.950 to 0.084) $26,598 .10
Midwest 0.565 (0.895 to 0.235) $32,660 .0009
South 0.570 (0.895 to 0.246) $32,883 .0006
West Reference
Hospital teaching status
Teaching 0.382 (0.207 to 0.556) $35,162 <.0001
Nonteaching Reference
Mean charge per hospitalization is $75,654 (SEM ¼ $8386).
AIDS, acquired immune deﬁciency syndrome; CI, conﬁdence interval.
*The outcome variable is log transformed hospital charges.
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amount of health care resources are utilized in treating
infectious related never events in patients hospitalized
for surgical procedures. Quality improvement initiatives
and identifying best practice patterns that would enable
to minimize or eliminate the occurrence of never events
could serve in saving costs to hospital, providers, and
patients.
Although never events may not be completely avoid-
able, efforts to reduce their incidence continue. Price
et al. studied the impact of a hospital-wide initiative to
control C. difﬁcile infection.18 Two measures imple-
mented simultaneously were isolation of C. difﬁcile
patients in a cohort ward and an antibiotic policy
restricting the use of cephalosporins and quinolones,
which are themost important modiﬁable risk factors. The
primary outcomes examined were change in use of tar-
geted antibiotics and reduction inC. difﬁcile cases during
the 15-month intervention period compared with the 12
months prior to the intervention. The use of cephalo-
sporins and quinolones was signiﬁcantly reduced (22.0%
and 38.7%, respectively) whereas the use of alternative
antibiotics increased after the intervention. The rate of
C. difﬁcile infection decreased from 1.30 cases per 1000
bed days in the pre-intervention period to 0.69 cases per
1000 bed stays in the postintervention period. After the
implementation of the initiative, the number of cases
dropped 8% per month compared to 3% per month
decrease prior to the intervention. Power and coworkers
showed a sustained reduction of C. difﬁcile infection by
restrictive use of antimicrobials as well as other infection
control measures such as rapid response cleaning team,
deep clean program, and reinforcement of hand hygiene
and uniform protocols.19 Wards participating in a
collaborative model, where teams worked together todeliver improvement, showed 73% reduction in the
number of C. difﬁcile cases (2.60-0.69 cases per 1000
bed days) over a 9-month period, compared to 56% re-
duction in wards that adopted the antibiotic policy alone.
Front-line providers (e.g., surgeons, nurses, and
operating room technicians) participating in a compre-
hensive unit-based safety program involving multidis-
ciplinary team have shown to deliver care with
decreased rate of catheter-related bloodstream infection
in the intensive care unit20 and surgical site infection
postcolorectal surgery.21 Another study has suggested
that well-organized infection control program including
admission screening as well as appropriate isolation
and infection control practices can prevent infection
with multidrug-resistant organisms.22 Similarly, a
systems-based, collaborative, and multidisciplinary
infection-control approach that reinforces general
hygiene practices, standard precautions, transmission-
based precautions, and other pertinent practice guide-
lines, may be implemented to reduce the incidence of
infection-related never events in patients undergoing
radical neck dissection for HNC.
The current study ﬁndings have far reaching policy
implications. CMS has deﬁned postoperative pneu-
monia to be a never event and will not reimburse
hospitals should this event occur. It is possible that
private health insurance carriers will follow suit. It is
apparent from the current study, that occurrence of
postoperative pneumonia is associated with a substan-
tial costs to the hospitals. Failure to reimburse could
have a signiﬁcant ﬁnancial impact on hospitals. Also,
hospitals would not want to treat cohorts of patients that
are deemed to be high risk for developing postoperative
pneumonia or other CMS designated never events.
Such a sequence of events could severely undermine
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have poor access to health care.
The current study is a retrospective analysis of the
largest nationally representative in-patient admission
dataset in the United States. Considering that this is
a retrospective study, the ﬁndings should be interpreted
keeping the inherent limitations of the study design and
availability of data elements in the dataset.23-25 Limi-
tations of the dataset include the lack of availability of
important confounding factors like functional status of
patient, severity of existing comorbid conditions, use
of medications during hospitalization, and intensity
of procedures performed during hospitalization that
could have a substantial impact on not only ﬁnancial
outcomes but also clinical outcomes. Also, the post-
discharge costs are not captured in the dataset. Conse-
quently, the estimates of direct costs that are presented
in the current study could be underestimates of the true
ﬁnancial impact of never events. Large hospital
discharge secondary datasets that are drawn from
samples of hospitals across the country are subject to
ICD-9-CM coding inconsistencies and this could bias
the current study ﬁndings. Limitations of the current
study design arise from the retrospective nature of the
analytical approach. While the study identiﬁed a statis-
tically signiﬁcant association between occurrence of
never events and outcomes including hospitalization
charges and LOS, the actual cause and effect relation-
ship cannot be conclusively established.
CONCLUSION
The current study quantiﬁes impact of CMS-deﬁned
infection-related never events in patients with HNC that
underwent radical neck dissections in hospitals. Among
the different events, postoperative pneumonia was the
most frequently occurring event and was associated
with a signiﬁcant increase in LOS in hospital and
a substantial increase in hospitalization charges. These
5 infection-related never events can be preventable by
improving processes of care, such as implementing
strict hand hygiene, standardized central line protocols,
and other measures. Failure to implement these
preventable methods places an excess burden of
morbidity on patients and a greater burden on the costs
of delivering health care.REFERENCES
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